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PROBLEM

FINDINGS.

SUMMARY PAGE

The KNaval HMedical Rescarch and Develonment Command was
asked to initiate biomedical rescarch aimed toward improving the
submarine atmosphere control program, The proposed objective
was to assemble a list of atmospheric contaminants according to
priority for (potential) toxicological effects.

Explred breath samplcez were collected from crewmembers 1o
the forward space, torpzic room, forward ongine space, anyg
cngincering space of a fuast-attack submarine. Analysis by
comouter-assisted, das  chromatograpiiy,/nuss  spuctronetry
(GC/M5/COMP) provided cnromatogrems indicating similar volatilco
organic compounds (VOC's) between samples. Lach chromatogram
contalnea an average ol 468 VOC's. Computer  analysis
characterized 192 of the VOC's collected in the toroedo room,
The total concentration of VOC's, > =581 pnb, conteined 348 ppb
of €.-C,, acyclic alkanes. With the possible exception of
benzene, "none of the VGC's excceded the Y90-day limits of

exposure in nuclcear submarines. In this trial study, the method
“=- —~of sample collection did not permit discrimination between VOC's

desorbed f{rom the body and atmospheric VOC's present in the
alrways.

APPLICATION. The GZ/MS/ZOMP techniqu:: is aleptable for usce in estimating

the body burden of VvOC's aboard submarines., Estimations of body

burdens will provide the Navy with an additional guideline f{or
prioritizing gaseous contaminants and judging the quality of air
in submarine atmospheres. Selective use of the GC/NMS/CCMP
tcochnigue may also prove usciul tor evaluating operational
problems, such as the minimum reguired froguencey of snorkelang.,

Administrative lnformation

This investigation was conducted under research work unit
MROOGL 001-5093, It was submitted for review on 12 Docoember
1984 and approved {or publication as Mumorandum Report #4-4 on
19 December 1984,
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) The success of the submarine avmesphere control program has depoended L
" sclely upon nerrodic adentification of centaminants in the shipn's 8
- atmosphere, Substunay s found to excoeed safeguard concentrations are Y
a8 ~controllod by restricting their usce aboard shin or scrubbing tihem from N
o the atmosphoero. But, this approach tonds to i1gnore the human host. =)
: Adlvancements in toechnology now enable bloacdical scivntists to identify -
organic guase s absorbed by the hunan bedy dering exposures to industrial h'
oenvironcaonts, W (valuated  the  potertiral  application  of e
conputer-asslstod, 306 chromatograpny/mass spectrometry (CC/MS/COMP) to by
tn-- measurement ot volatile organic coapounds (VOZ's) absorbed by ?T
submarine crowmonbors, Fxnired breoatn samples were collected from :
wetenstandors stetioned in the forward space, Lorpodo room, forward -—
engine spaco, and wngincering space of o fast-attack submarine. Analysis L;
of the =zannics showed G remarkably complex mixture of VOC's with an o
aver g of 4uvs compounds per sampl.oe. Julitnout benzene, the total :f
concentr.-ion of organic vapors, 3 mg/m>, was well bulow3thv max imum o
allowable concentration of total hydrocarbons (70 mg/+7) for Y0 A

centinuous davs  Gbeoard submarines,
~=-collector and thercfore cxistud

Boenzone overloaded the sample
in a concentration > 80 ppb. Since all

P
crewnembers wero smekers, one possible soure: cof bonzens was residual ﬁ
: arganilce vapors in o tne iung.  Thadrteen of the 17 highest concentrations of j}
.. Vor's wore acyclic, C-C0, alkanes. Assuming tnat most of the expiroed ;
L VOU's wore deriverd trom e submarine, the hydrocarbon composition of the .
Mo AITMOSONeT ¢ Was o mors concoentrate:d and complex than in residential i‘
§= ducllings., This 1ndicdtes that crewnembers absorb atnospheric Vul's '
r during oatrol and desorb the contaminacnts ot home. Future work should fi
t, aottemnt to; (0.) meoasure Jdesorption ol VOO's from the body after patrol, o
| ang  (b.) evaluate the VO&'s likely to overlooesd the samplce collcctor -
f; during 20-lizer ¢olicctions of the submarine atmosphere. The desorption T
P

of truc~ c¢ent :minants from the body will

irdicate 2 body burden of K
ornanic substoncos.

> Estimations of body burdens can provide the Navy

i )8

.
" with an additional guideline for prioritizing gaseous contaminants and F?
b judging the quality of air in submarince atmospheres. < Selective usce of .:
" tin CI/00uC0MP technlgue nay also prove usciul foce cvaluating operational T
{f. Proie™s, suel a8 e minimum roceired freguency of snorkeling. 2
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o

B.. Tho body burden of organic substance. The amount of ,’:.-
organlc vipor absorbod by tho body. ;;j

Vcs,o,mxn' The minimal concentration of an organic substance in the ?T{
expired hreath, =

GC /ML /oeHp, computer-nssisted, gas cnromatoygrapny and qasSs spactronce- '.
tey, T i

Fs,mdx' Toe maximal cencentration of uan oryganic vapor in the EE
atmosphere. et

"

Gl Gas cneonatograpihy.

MI. HMusys snectromotry.

P_. Th: potential for accumulating an oryganic substance in tho
P4

boriy by pulmonary ventiluion.
TR} 7 Ttrademark. '

S The quantity of organic vepor oxplred from the body. .
subscrinrt s. An crganlc substance in 1ts yas phase. .fﬁ
subsvrint ©. Lxplred, »
_ . o 9
subscript min. Minlmum. LN
« v
subscrint max.  Maximum, A
THE . Total hydrocarbons concentratvion, A
V. T volume of cxpirea guas,
Vel Volatile orqganic compound,
3
3
3
.
h
A
3
4
3
K
o
b
o
4
X
3
2
3
b
b
E
3 v
L
b e AT T e e e e T e T L e L e e L ;-f{“-:- R,
h‘.-n";n'.‘.-r S S RS TSRS B VN &P DAY Y PR IS TSN X6 3% W IVEW LY B PRI EEAE SR E G




INTRODUCT LIN

The Chief of Naval Operations (&) asked the Kaval Medical Rescearch
aind Development <
atmosvhere control progran aboard nuclear submarines. Threc
rescarch effores were specifieds

- ldentify the contaminants in nuclear submarines, using
mnethodology developed by thoe Neval Rescvarch Laboratory.

List the contuminuants by priority.

- Perform toxicology studics in animals on high priority
contaminants,

ORCANIC VAPORS IN NUCLEAR SUBMARINLG. It hus bcen known for vears

that a varicty of hydrocarbons oxist 1n submarine «tmospheres, but

.results of previous assays may no longer represent the quantity and

quality of atqosphere contaminants in new classes of submarings.,

Analysis of the coaposition of total nydrocarnon's 1s not simple and

straighttorwar.d, since more taan 12,000 organic contaminants may ©x1St 1in

subniarines as a consoguencs of smowing {13). Tne atmospheres of the
Navy's [irst nuclear submarines were composced of alipnatic paraffins,
cyclonsraufting, olefing, and aromatic contaminants (table 1). The major
sourc. of contaminants was oll-buscd palnts which were periodiclly
applict to the dnboard surfaces wuring refitting of the ships.
Consceqguently, total hydrocarbon concentrations were nigher before
subnersion (8v-105 mg/mj) than Juring the first 122 nours of submersion
(3U~90 mg/ﬂj)(lu). In addition to these sources, non-aromatlc

hyirocarbons originated from humans (c¢g methans), oi1ls, cooking products,

ara the decomposition of not o1l (1).

The aromatilc hydrocarbons constituted about 50% of the hydrocarbons
in 1vS5g~1%hy and 25-30% of the total hydrocarbon content in 1960-1963,

1t d11 not take lonyg for aromatic hydrocarbons 1o accunulate in  the

atmospnere, sinco thelr content was nearly the saime whcother sampling was

done oeclly or late 1In the crulsSe. Xyl-ne and trimethylbenzene

constituted approximately 50% of tne mizxture of aromatic hydrocarbons

recovered from submarine air. Ma)or sources of aromatlce hydrocarbons

wore lighter Lluids, cements, and tobacco smoko. Likely sources of

aronat e nydrocarbons werde paint solvents, mineral

1

svirits, and diescl

Joamand to institutye rescarch aimed toward improving the
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table l. Trends in Levels ol Jrganic Vapors Aboard Nucloar Submarines.

T
DM N A N Y BT

v r e e
Pl P-‘:(r'-'v'.:"-’tr N

charcoal

i Ref. Yr. bite(s) Collcector Assay Results

la .

. 10 1956~ Main Activated Infrared and THC = 50=171 mg/m>

. : 1958 air charcoal mass spectro- T o o o B
. filters neters

-- i o)

F‘ 10 1959 Varied Activated THC = 47-52 mg/a7

-

16 1959 - Chromosotrb G, with argon THC 110-130 mq/ms.

-2 ionization
[ detection

1 1960 —— _— _— HC = lov mg/m3
l Aroinatics = 2,98 ppm
o Olefins and,alicyclics

_<_ .].2.5 mg/m

r 4 1961 - Activated GC, with THC = 133 :ng,/m3 P
. 7 charcoal = fluorescoent _ Aromatics =.32.5 mg/m” ...
i e aeea D . e Lz Y indicator s m SN : ; :
s absorption.
i 1 1970 - - -——— THE = 20 mg/m‘S
- hAromutlics = Q.85 ppm

: Olefins ugd alicyclics
i < 4 my,/nm
¢
.. 1 197% —— _-— ——— THC = 10 myg/:”
. Aronutics < 0.9 ppm
- Olefins gnd alicyclics
= ' < 1 ag/m
é 12 1983 —-- ——— - PHC < 60 mg/m>

P

{The prevalent use of activated charcoal as a collecting agent lod
to a 2-fold undercstimation of the total hydrocarbons because
low moleculur welight hydrocarbons passed thirouyh tie Carvbon bed
(106).

Refercence 1 included the follewling compounds in the aromatics and

] olefin-alicyclics;:

- AROMATICS. Benzenc, Tolucne, Xylene, Ethylbenzene, Propylbenzsene,

Mesitylene, Ethyltolucne, Pscudocumene, and Indance.
- OLEFIN-ALICYCLICS. Acetylene, Ethylene, Propylene, Rutene,
Isoprene, Decene, Metnylicyclohexane, Ethyleoyclohexane,]
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Faprovencnts of the atmoespae r: contrel progran in the decades of the

-

luvO's anmed 147d's causcd the leovels of totel nydrecarbens to drop by 1

1

S

: : : . _ red

~w .oracr of maygnitudl. Potentially toxic substances woere prohibited aboord 1

v

i . . . - |

sniw anl the practice ol palnting  was sharnly curtalled. Phe ION
requitoment s for maintenance of thc inginecving plant were upgradded andd

-

chgineoring coocbilitivs for revitalizing th a1r were improved (1).

":1

L E

Sl

. . . . S

Today, organic vapcrs atroe "scrubbed" {rom the submarine atmosrhere S

by abscerpticn and cetalytic oxldation. Actlivated charcoal 1s cifective _3
1 absorbing  aromatic  hydrocarbons, :‘l_-ijn aliphetic hydrocarbons, ?
. ..\

cnlorinatae:! hydrocarbons (oxcept  Jdichloroaccetyline), and f{reons, '._'i
R

liviroc.rbhons can rleturn to thy ainnspn: to watn Lie carbon becones L

SutUracou, Freons ave svenrually Jdesorhou when disslaced by heavier,

" higher boiling hydrocarbons. A large decrense in partial pressurce of

- . , - RS

contaninant gases, 3uch G5 cocurs Wi n gniiting from nigh to low T

<

Daromstric nrossur: , will also dosory ay.drocarbons from activated :i

E chatcoeai. 1ol
" Hopo :1ite {R}E cotalyz.es Lae oxuiation of hydrocarbons whoen heated 1o .

UG T Ins re e cotalytilc burner., Pac Caltalyt1C pUrnel renoves s roihadd

- .

r g ounG, _“,)—;,‘n allvnatle hyl'rocerions, Lotones, alichy s, Sthens,
Vil e cvsanetonin. s, Hoalodgenatoe: ay ftocarbhons  ard JCONpose: Lo

i vyt ornioras aci o, iy lroliuorice aoiy, Sntoanylieons onloride, wefore

|'~.

ooy by titnlum carbonate Jdowastre oot ther S elaiyule burner.

Jrenlorcacatylene, wnlea cay forn 1noa nNeateor alkaly oscorunber, 15

RN

stbosody voxaie (LY.

Al

\ oo Lllera o GF o toe trideat clacs o subtarine noave  1Nadicated o

|‘: remvargable roguction of atmosphoric hylrocarbon levels since the first

L NLCL ... SunTarines went to sca, Proonit measurements snpowisl tne total

-. nysiroc.rhon concentration te rise irer 21 oppm oto 4% o prpaoin the enginc

' Fow™ e Ulineli L e ;'n'] cnd 4l & doys o ol cluscda=-bhoat  oparation., SRR :f-:l
g CONNOST o YN Gl total wrran1e Sulrntoie S wan st baateel 1o e su-=Y9% f:'.i,'j
k Ai10n ey LrorLrbDuns., GO/ anabyne s o 110 Saanle s lndicated no ‘:
!. concentrations of Lrace contaminants 1n o« Xcoss of 1 pom, ho locallized "__1,
: concentration:  or aydrocarbons  wotre doetectou,  bul o hydrscarbon ;
- o
: 5

X
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conConirations INCreased TLOT T0MWALG LG ait witn an Jhrupt 1acte s

. '-'_ . ‘t‘_ .

QUCULE LG uhonr «Diel Iy 12 NG room, This was exvlained oy a hiign

|

number of aydrocarbon sourcoes in the wngine room relative Lo location of

the charcoal bed 1n the fcrtward conpartment's natn fan room (L2). o
SR N

- . A
The potential [or accumulating any organic substance py bulaonary -
ventilation (Pq) should bo propertional to the gradient botween 2axiaal .
b =
concentretion in aubient alr (17 aax) ardd alnlmal o concontration canng cd 3
5, [y L

(C . ). At proeswnt, there is Tittloe data oo whoen and witd e i )
s,e,min - A,TaX

~

. L I ol (v -

3 £ a% TE 1N

occurs aboard subiarines., O will ¢nange with biroaccumulztion of g

' P
gt

contumnination of tas bHoldy Ly con-pulaoncry ACCHanisns, and vascular

’

transHert of "wtaDol e products Lo tae Juang.,

Various classes of aydrocarbon contaminants have coapoundcs which are

particularjy texic Lgents (tenle 2) . o1nos these LoX S agoents aay X

table 2. Woxie Grganie ¥ pors .

boef. Class JOMBou: voexie Jfivot -

1 Aromatic dinzZon runors of bloed 1orming Lissues., s

hyadro- Xvl.ne Impyirmont of coordinati1on i reaCction T

carbons L1, b

Tl ny Impasiraent of coeoordination and r.-action r

tine, i

. . . -

1 Thlori- Mothylohloro-  lor: osis. o

nated form i

nydro- ftrichlore- Tavailee roliuite and Tivel tniiagl . o

. carbons sthylenc p
[ Metnylene Stirong drritant., -
Fg chloridc -
P Tetracaloro- Strong irritant, -
N cthyl. ne o
® e SR ’
b 2
[ e
Lo _ ' -
- prosent 1n very low concentr avlons, oanpnasls s been placod on .
i Iy
i ] Y M . R 5 N s -l
i quantlfiying the toxilcity of the ontire mixtuar-. of organic vapors, 11 -
| _ , b
v current practice 13 L0 assSars tnat the toxie flects of 1l substancas ~-
o ar~ additive (L,11), o ogquantity tihee tozicily, the concieniration of .

-

A ‘
b
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VLY Sabistance 1s Jdividel by its maxanuan allowablo concentration, Th

e
s 0 5

R A N B

el

[

sumn of tne guoticnts indicates o texic aixture woen 1t excoeas o value of

[

1. Use oot this ametnod indicated tnot the total organic vapors excoeded Lo

S AP
their toxic limits during the 1960's, with values of 1-1.12 for the sum ﬁ?
of th: quotlents, iy LYvs, tne sun of the quoticnis Jdropped to 0.32 (1), f{

BCLY BURDLBN, S1ncy organic vanors sust bhe absorbed by the human

X

]

body buforce they cuan oxert a toxle ¢ttect, it would be adventageous to :Q
quantify the body burden of organic vapors from exposure to submarines. o
The absorption of organic vapors Jduring o submarine patrol 1s analogous -

i

to innaling an anesthetie gqas prior to surgcry., In e¢ither situation,

o

14

1

duesorntion boegins when the body ventillates witn clean «ir.  Therefore, ‘.
N
the anount of organic substance absorboed by the body (BS) through the s
LA
lung can bo estimated by ncasuring the guantity of substance expircd o

(S() rigit after cessation of occupational cxposure. 5 depznds on the

) . K

. 2 N o(P-g .

~ - ': .

vhe o ; = Y ey

¢ Dot N .!,.

rate of ventilation, tissuc solubrizty or "s", mcotunolic rate, and time e
lapse 1¢llowling «xpusure. Cﬂ
b:_‘..

- "4

Tae cnange of 3 wlta t1Me 18 oocpciow byoa craphic plor of C vy

v ! 20 5,0 e

S
(log crdinave) as o function of (larns 3 1t Loter expodsure (apscissa) .
1o plot, ¢ajli-d o breatn decay curve, o0 Lo used to estimate the

magnitude of Diloaccunulation by conpar hg Dost-ckposure decay of Se Lo
control <icay of o (L5).

R P | S S 23] e colicctea o (YL BUbMAarline s e GZ/MS,CoM
17 n b col t ho.:r \ar p GCZ /M5, P

tecnniague Ly be very usoeful for measuring trace VoZl's 1n human oxnilred

breatts anl tins submarine astrnospnere (L4). The GS/NG/CO0MP tecnnlgue 1S

frequsntly usca to characterizo ano guntify complox nmixtures of VUC's,

£ince 1t 15 caepable of ddentifying rodividual organic compenents in S
anount s oas little as 1-10 na (2,101,014, 17). C2/tie 1s sufficiently EJ

-
SCNSILIVe to Measur.e nytecarbons 1o concintrations of parts per trillion f;
(4.




METHOCDS

PESIGN.  Tiicsi =casurements woete performaed aboard o submarine moored
at the New Londeon Submarine Baso., 'he original plan was 1o oirforn
Simultaneous measurements of cxpired- and atmospheric hydrocarbons «s the
first step toward documenting orginic contaminants being absorbud by tnue
tissues of tue body (APPLNDLIX). Sudden Jdeployment of thoe submariin
cancelled the study only hours after the 1nvestigative tceam assenbied in
Croton. Since the team could not remoin wssembloed indefinitely, 1t was

necessary to obtaln explred breath samplaes undoer uanmonltored conaitions,

PROTOCOL, Four toflon vays were flushed with uitrapure air  and

cappaed for transfer aboard ship. 7The Lxccutive Officor, USS Gato, aondert

a teflon bay te cach watcastandor (table 3) with instructions to "blow

up" tae bau with ¢xhaled bLreath, exp2l the sample by rolling the bayg tro
" “the mouthpiece, then reinflate tne bag. The third inflation was )
prescrved by capping the nouthpioce.  Tne intlated bags were handed to
tne investigators who were welting on the pler adjacent to the moored
submarine., The ship had been ventilating with surface air {or at least

. o . . 13 .
24 hours willle being occupiad by 1/2°° of the crow.

table 3@ Subjects

subjoect Ay Maval Rating

A 20 machinlist's mato

15} 33 clectronic's technician
C 20 Machinist's mate

b 20 torpcdomnan

(A1l mena wore smGKers. Txoenit for subjeci A, all men were
Gudalilicsd In submarines.)

In tne Jlaboratory, o constant flow pumap (300 ml/min) suctioncd cach
breath sample tarough a Penax GO {R} cartridye. The Tenax GC {R}
cartridge Wwas sealed in o culture tube and shipped te the assocliata
investigator's laboratory 1n Chicago. Two additiona) Tenax G2 (R}

Caurlridges were usca as bDlanks,

MEASUREMENY TECHHIQUE, Per tormance of the assay reaulred sample

collcction, oxtruction, and analysis (2,6,13,14,17). During samplce

collection, volatile organic substances (VOC's) were adsorbed by the

i

R b PP
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T e T v

Tonax GU {R] (2,¢-uanhenyl=-p=-phonylene oxide polyner) s the gas sawploe

flowed through tne sorbent's containct .

Adsorbed VGC's werce oxtracted from Tenax GI {R} by the thermal
doescrprion technique. he o dtenex G0 {RY ocartridue wae backflushed wiun
helium i order toe transtor the VOCO's 123to a nickel capillary vrap.  The
Vel's were condonsed by cooling the trap with liguid nitrogen, In thosoe
iInstances whore large volumes of watel vapor ate ¢ollected, the samples

Lo subjected to a second transfer sten vrior to GC/MG/COMP annalysis.

Saablo analysis bogan when the condensate was tapi-ily heated for
vanorization 1nto & carrier gas, beliun.  The sanple was injected into a
nigh-tesolution, fused=-silica capilllary gas cnhromatograpny column, for

separation of the nixture into component VOT's (l4), Lifluent from the

- gas chromatograpn entered a mass spectrometer for characterization by

electron impact ifonization, A computer orintad o reconstructed ion
CAromatloyten, WhlTh was o tectungular lot of the intensiiy of oxtracted
100 currnt (Y x15) agalnst the Scal nunboer/sample totention time (X
ax1s) (2,5, 17). Looch moass spectriun won anailyaad by o computer progran
which 1lentiis 3 VOOD's by osrobability of their fit to spectral

charaact-ristics of an extensive list of standar i compounds.
REGULTY

All samol. s provide! reconstructed 1on chromaitograms which wore
Larkaly similiar boetween subjocts,.  Cine total nunboer of VOC's obscrved
1 L. Suaples was oaxoentlonally 2rge; pamely 4dso {(sample ), 492
(sample b)), 457 (sample ), 2nd 436 (sample D, shown iu figures 1,2).
e compounds 1 sample Dowere charactisrized by computer unalysis if
thelt Conc: ot ationg oxcacded 150,000 counts per component  (table 4).
The worvuter 1bntililed 152 Vol's witn o total concentration of > s6l ppb
(Tue 2 /™7, wWrtnoul Dubigene) ., lHenzone appear: . to overlead tne COC
colunn 10 cach saaple, 510CC; (v.) 10T wa3 g Droad peak at o spectrun
SCan nuaber Ha% a0 caen semple,  and (bh.) tnhe concentration of benzene
CXCoedoa BY pp 1n o sample Dy Theretor. , tos toto]l concentration ol
aryelic, JY"Cil alkanes (5435 pHpu) constirtut.d < 40 of W11 VOZ's (tuble

fre 1y VOO, prasant in mighest concentrations collectively exccwdond

464 > (vble u)e Thrrteon wvere woyclic hyelrocarpons with G-1e¢ carbon
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_s INTERNAL STANDARDS
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SMo COLLECTOR

BLANK

o MLWLMMLW

T }
) 900 1,800
(SPECTRUM NUMBLR)

perfluorotolucne, Tho nDeak ion counts for the splked

cach represented o concentration of 3 pph.

RECONSTRUCTED ION CHROMATOGRAMS
(ION COUN1S)
(MILLIONS)
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Elgqure 1: 1The top pancl shows a collection of subject D's cxpired boocath
in the torpedo room of the USS Gato, The bottom pancl
collector wlank wnich nas been spiked with perfluvorobhenzenc and

Js 4

compounds

's

AR o LA,
te -
‘.j'l l‘l s £ B

) .
“L{Al{. F

4

PO
. G
LN A

LR
2"

.
L]
g

158,42 -
PN 4' Su

N e g, s
i )

ot . Bt

oo

AT, S R
ST L

r.. 2

g A

-~
o}

watnau et L

et

L IO

T

.,
[ WD

R

T

NN e W

Spm—

SV REIE b T
. . L

. . .
'_.'_;J IO LPE PP |




©

z

e

.

bt e oo IS

i x4

-

-

2

2

O

[&]

Z

O

(]

L

[BRESEYE 2T i

in thoe

Chaaract 'rlacs
ultrapure

Dot}

samnplos

use ol

Jagnitule

_,,_;ﬁ wmn om e sEEEEEEEEAIR

top Daneid

vas collected from a
Wire

5

RECONSTRUCTED ION CHROMATOGRAMS
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BREATH
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SUBMARINE

—
1,800

TYPICAL
INDCOR

SAMPLE

0 - I;EJLﬂﬂéLubﬁiég%A&LJi‘J¢¢MJ&”=;

o) 600 1,200

SM- CANCER

PATIENT/

| CIGARETTE
SMOKER

J'“hm

W R TR .l_ -
___—_—‘I-_..l
0 800 1,600

(SPECTRUM NUMBER)

shows a collection of subjoct D's cuplred proarn

tornpcdo room of  thee UL GCito. The miadle puncl
the czpirced preeath of o patient wne breathed
aly for 20 minutes before “he collection.,  The bottom
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TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM b

l SAILOR ON BOARD USS GATO [SAMPLE FILE SUEAQ4.DAT] =
Spec Relative =
No. MW Formula Identification Peak Area (x10%) L
i 2902 - 46 CoHg0 T TTEthanol TRy T
221 58 C3Hg0 Acetone 44 S
234 68 C3Hy N, Pyrazole 3 -
236 60 C3Hg0 2 propanol l‘
239 72 CsHy» n pentane ' 20 y
247 63 CsHg 2 methyl butadiene 254 3
257 96 CoHaC1 5 Vinylidene chloride =
266 70 CsHyp Methyl hutene : 9 "
268 84 CHaC1 4 Methylene chloride 17 -

270 68 CgHg Pentadiene 8
SEEELEIYGG <F1g6 CRC13F3 Trifluorotrichloroethane 55

285 66 CsHg Cyclopentadiene 7 .
323 70) CyHg0 3 butyol 12 _
347 86 CeHry Methyl pentane 28 .
361 7¢ Ly Hgh Butanal 12 o
371 72 Ci, Hgd Methyl ethyl ketone 27 -
375 £8 CsHy 20 Methyl butanol 18 :
388 g4 Cels 1 hexene 24 -
4u2 82 Ceteld 2 methyl furan 10 v
411 86 Cellly Hexane : 148 {
419 168 C2HC1 3F 5 Trichlorodifluoroethane 2 1
421 82 Gyl Methyl furan 10 %
426 84 CeHy o Ce alkene isomer 13 ..
470 84 CeHi2 Methyl cyclopentane 30 "
423 82 Colio Hexadiene 42 7
490 132 CoH301 5 Trichloroethane 129 5
496 79 CyHell Pyridine 4 .-
506 42 Celyg Methyl pentadiene 3 9
525 74 Co e Benzene > 80 5
535 117 CCly, Carbon tetrachlcride 3 gi
541-2 Supersaturated--unidentified 3
to g
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TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM S
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEA04.DAT] (continued) 5
| Spec Relative i
(' o Mo MW Formula Identification Peak Area (x10%) "’-?:
562 100 Colig 2 Methyl hexane a1 5
531 100 CoHy C, Alkane 58 r_
596 98 CzHyy Dimethyl cyclopentane 13 P
606 130 C,HC 4 Trichloroethylene 2 .
620 88 CsHy20 2 pentanol 11
625 96 CgHgO Dimethyl furan : 4
632 100 C7H16 n heptane 131
633 90 CyHy0S Thiapentane 8
! 646 74 C3HgO4 Propionic¢ acid 7
R s YA 126 ~CqHy g ==FF=g0buty] cyclopentane R
656 94 CeHeO Phenol 8
659 93 CoHyy Heptene ' 1 -
677 93 Coltyy Cycloalkane 83
620 100 Colly U Methyl isobutyl Ketone 15 -
700 93 CoHy 2 n-hexadecylindane 22 P
717 112 CgHig Trimethyl cyclopentane 8 f
747 97 C7Hg Toluene 160 &
767 114 CgHig Dimethyl hexane 204 R
768 94 C7Hyg Dimethyl cyclopentadiene 65 @
752 114 CoHg 3 Methyl heptane 80
790 112 Calhig Dimethyl cyclohexane 61 =
794 112 Collye Octene 16 -
£10 11¢ CgHig Trimethyl cyclopentane 18 !
D)) 112 CgHig Methyl ethyl cyclopentane 24
$23 1le Cgilyg Dimethyl cyclohexane 21 ;
831 114 Callys n octane 195 -
836 166 Cally, Tetrachloroethylene 31 ?
841 112 Cailvg Dimethyl cyclohexane 14 :j
876 125 Celty 0 Uctanone 12
8i7 124 Colog Dimethyl heptane 43 E;
84 112 CgHyg Dimethyl hoxene 61 !]
)
' !




TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
SAILOR OM BOARD USS GATO [SAMPLE FILE SUEA04.DAT] (continued)

Spec Relative

No. MW Formula Identification Peak Area (x104)

899 123 CoHag Tetramethyl pentane 41

904 126 CoHg Tetramethyl cyclopentane 37

910 126 CoHig Trimethyl cyclohexane 10

913 126 CqHyg Metihyl ethyl cyclohexane - 9 i

924 106 CaMig Ethyl benzene 38

929 1726 CqHig Trimethyl cyclohexane 37 -

935 128 CqHsyg Dimethyl heptane 58 .!_

93y 106 CgHyp : Xylene ‘ 109 b

947 128 CoHag ~ Dimethy] heptane 58 2
e 953 110 CgHyy -~ - Bicyclooctane e V4 S A

' 112 CaHig Cg alkane isomer 12 \

955 128 CgHygl Uctanone 7

959 129 (qghsg Methyl octane 109

969 - 104 CgHg Stryene 11

971 112 CsHyg Methyl heptene 159

132 CeHy203 2 ethoxy ethyl acetate

976 126 CoHyg Trimethyl cyclohexane 5

978 105 CgHio Xylene 139

989 1eb CyHisg Methyl ethyl cyclohexane 43

993 124 Coil1g Bicyclononane 4

1004 128 CoHog Trimethyl hexane 185

1013 140 CqlyeD Nonenone 7

1016 124 Cgty20 Ethynyl cyclohexanol 3

1022 126 CoHyg Trimethyl hexene a8

1031 120 CoHyo Cunmene 17

1035 142 CioH22 Cyg Nkane isomer 50

1042 124 CqHyg Methyl bicyclooctane 30

1047 142 CioHp2 Dimethyl octane 38

1053 124 CqHyg Bicyclononane 8

1057 126 Collg Propyl cyclohexane 141

1061 147 Ciotpo Dimethyl octane 354

1065 136 Ciolye Carene ?




5 TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
- SAILOR ON BOARD USS GATC [SAMPLE FILE SUEA04.DAT] (continued)

Spec : Relative &
i | [ I8 MW Formula " “ldentification Peak Area (x10%) '
1070 142 CigHao Methyl nonane 10
1074 140 CioH2g Propyl heptene 99
1076 138 Cioths Menthene 4
1077 120 CgHgO Phenyl acetaldehyde ' 27
1085 124 CqHi6 Spirononane 2
1088 120 CoHpo Isaopropyl benzene a5
1093 142 CioHa22 Cig Alkane isomer 56
1095 140 CioHz20 Tetramethyl cycliohexane 6
,...1099 1200 CoHy2 _._._Trimethyl benzene ... ...
T T 7":ﬁ142 »4C10H22 | Cio0 Alkane isomer
1105 Alkane isomer (tent Cpg)
1115 142 CyioHao Methyl nonane
1116 120 CoHyp Methyl ethyl benzene 67
156 CiHay C11 alkane isomer
1124 140 CioHop Methyl isopropyl cyclohexane 12
1126 154 CiiHoy €11 Alkane isomer 19
1133 118 Colyp Methyl styrene 5
1138 120 CoHyz Trimethyl benzene 81
1139 140 CioH20 Methyl isopropyl cyclohexane 40
1144 140 CroH2g Butyl cyclonexane 27
1156 142 CigH2» n decane 480
. 1157 142 CioH2» n decane 74
i ldo CeHyCly Dichlorobenzene
r. 1165 140 CigHaq Ethyl octene 53
§ 1175 156 Cy 1Mo Cyy Alkana isomer 27
E; 117y 156 CyHay Methyl decane 61
i 1140 120 CaHy2 Ethyl toluene 56
;. 156 Ci1Hay Cyi1 Alkane isomer
L 1143 140 Caty160 Cyclonctane aldehyde 3
F 1136 156 1Moy Dimethyl nonane 20
f; 1191 156 CyoH200 Vinyl 2 ethylhexyl ether 208
1193 156 Ci11Hoy Methyi decane 51

W T

13
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TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM N
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEA04.DAT] (continued) t:::
Spec o ) Retative r
No. M Formula Identification Peak Area (x104) Q!
- L
1202 140 CioHz2o Cyclodecane isomer 7 ;%
1203 152 CioH160 Camphor 3 ;3
1208 Alkane isomer 76 L.
1210 140 CigH2p Butylcyclohexane . 51 :E
1220 120 NTI Alkyl benzene isomer 82 B
156 Ci1Hay Cyy Alkane isomer g
1227 138 CqHy40 Trimethyl cyclohexenone (tent) 19 T*
1229 134 CioMyy Dimethyl ethyl benzene 13 E}
1233 156 C11Hoy Dimethyl nonane 149 Ei
1243 .. 156 - C11Hay . Methyl decane B IE LI X R "\
1244 134 C1oHys Propyl toluene 7 F
1250 132 CioHis Bicyclodecana 10 ;ﬂ
1256 15. C1 1Mo Cyy Alkane :3omer 110 E;%
1259 134 CroH1s Cy Alkyl benzene 8 o
1267 134 CioM1s Ethyl xylene 12 4
1273 Alkane isomer 71 -
1281 168 C11Hz00 Dibutyl allene oxide (tent) 16 2
1282 154 Ci1H22 Butyl cycloheptane 24 ::i
1294 156 C11Hau Cyy Alkane isomer 360 EJ
1303 154 C1oH180 Cio ketone 23 .
1318 134 CioHyy Tetramethyl benzene 13
1319 170 C1atog C12 Alkane isomer R4
1227 Alkane isomer 37
1329 Al kane isonmer 39
1333 Alkane isomer (tent Cyj) 168
1334 142 Crotpo Dimethyl octane 51
1337 122 C7Hg0, Benzoic acid 51
1341 Alkane isomer 12
1345 132 CyroHys Methyl dihydroindene 3
1350 154 Coty0s Cyclohexyl acrylate 35
1353 ' Alkane isomer (tent Cyg) 24
1354 168 Cyalay Cyclodecane isomer Q




TABLE 4. VOLATILE ORGANIC COMPONENTS IDENTIFIEO IN BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEA04.DAT] (continued)

15

Spec B Relative
TTTTTTTT TNo. MW Formula Identification Peak Area (x10%)

1353 132 CyoHy2 Ethyl styrene 7
1362 134 Ciolyy Tetramethyl benzene 5
1367 Alkane isomer (tent Cy) 122
1372 Cycloalkane isomer (tent Cy,) 40
1374 132 CioHy2 Tetrahydronaphthalene 4
1378 170 CioHag Dodecane isomer 101
1387 170 Ci12H26 C12 Alkane isomer 34
1391 Alkrane isomer 34
e = o - 1802 ...128 ~ Li1oHs iiee._.Naphthalene v oirimanes 9
1407 138 CioH1s Cyclopentylcyclopentane 10
1409 146 CiiHyy Dimethyl irdan 6
1411 Alkane isomer 15
1421 170 CioHrg Dodecane isomer 129
1440 184 CiaHag Tridecane isomer 93
1450 Alkane isomer 13
1479 Cycloalkane isomer 17/
1445 170 CyaHoe Alkane isomer 15
1496 147 CioHysN Methyl tetrahydroisoquinoline 1
1493 Alkane isomer 21
1503 146 Ciiyy Methyl tetrahydronaphthalene 2
b1V 162 Ci2H;g Dimethyl isohutyl henzene 1
1511 193 CiuHag C1y Alkane isomer 55
1525 146 CyiHyy Dimethyl indan 0.5
1539 154 Ci3Hog Tridecane isomer 68
1557 142 Ci1iH1o Methyl naphthalene 4
1561 Alkane isomer 15
1563 160 CioHye Isopropyl methyl styrene 2
1612 Alkane isomer 11
1623 154 Cr2tho Pnenyl benzene 2
1630 Mkane isomar 28
1652 168 C13M)2 Methyl pheny] 0.5
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« VOLATILE ORGANIC COMPONENTS IDENTIFIED IN BREATH SAMPLE FROM
SAILOR ON BOARD USS GATO [SAMPLE FILE SUEA04.DAT] (continued)

Formula

Identification

Relative
Peak Area (x104)

STALEY
Ci2H12
Ci2My2
Ci2M12

Tetradecane isomer
Dimethyl naphthalene
Dimethyl naphthalene
Dimethyl naphthalene
Alkane isomer

Alkane isomer

62

21
20




Tablc 5: Comparison with Concentrations of VOC's in Tight Buildings, ,
(ppb) . 5

b n e ouNOC e e 2. sUSS Gato __;¢;g;g¢igg£ b

]

Formaldehyde —————

Toluene 16
. o,mn,p-Xylene . 25

Ethylbenzene 4

Hexane 15
[ 1,1,1-Trichloroethane 13
! - ) 1,1,2,2-Perchlotoethylenc —ec—=-
[
E C7—Cll Alkanes 348 :
E [Data from tight buildings were obtained from reference 3. Bold !
¥ type icdentifices compeounds prescnt in both envitonments. | :
| ;
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Table 6:

USs Gato

Benzene

n Decune

~

Lll Alkane isonmer

Dimethyl octane

Alkane i1somer

<10
2-Mcthyl butadiene

Dod¢cane isomer

Dimethyl hexanc

C10 Alkane isomer

Vinyl-2-ethylhexyl
cther

n Octanc

Trimernyl hexane

Trimethyl banzenc
Toluene

fethyl heptonc
nonane:

=hyl

Hexane

(Column Tot.al)

[bate for v

voly typo

W o v
[=ANEE + 2B Ve |

25

23
20

2
“

21
20
1y
17
10

10

(>

Peak CZoncentrations of VQT's
shuttle Cabin

in the
{ppbh) .

Uss

Gpace Shuttle Cabin

Mcethane
Toluene

1,1,2-Trichloro-
1,2,2-trifluoro-
ethane

thanal

Bromotrifluro-
methane

chanol.

___Butene

44y

Sfrale

shutt]e

2-Methyl-2=-propanol

Z-Methyl pentan.

ffethanol
Z=-Propanone
n llexane

l,3-Dimethyl bon-
Zens

Cg Aliphatic hydro-
carhons

Cq Aliphatic hydro-
¢arbons

Cabln oweer

iucntlficy compounls present

ToEHL, (it ostiga ot ommtl P S

amrapted

Gato and tne

Spil(.‘\‘

St 3ot

!y
PO

rrf-oYT
N

4,420-135,540
11-7,490
9-1, 330

60~1,2060
380-1, 190

51-%060
683

2-430
410

8-3G60
12-340
11-210
1-200
140

270

(L, 4066=101, 51 2)

frov. reicrence 11,
in both cnvironments. )
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Tabl. v: Cross-match with voo's Previously guantificd Aboar-d 3

Submarines.

_'«..;I-»—.;':—-—r—'%-;.-—'-v'(l .) - =2

Boenzone

>u0
. Fthanol 2

Ethylbenzene 4
m,o-Ftiayltolucne 6
Iso-pronylbenzence 10
Tolucne 1
Trichloroethylene 0.2
Vinyliderne¢ chloride 0.3

_'__ﬁi__r_?_z_“z!_,_;,_:?_;ﬂ,p-xyl'ung;: - "' =

o-Xylene 14
total hydrocarbons

[Column 1, lists the compounds from Table 3-2, reforence 1, wunich
Cross-matcned with VOT's listed in tuble 3. Column 2, lists the
Concentraiions nweasured aboard USS Gato  in ppb.]
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atoms per molecule (339 ppb); 2 were monocyclic, arcmatic bydrocarbons (>

113 opb); and 1 was un ether (21 ppb).

Ten compounds (solvents and paints) could be cross-matched with
substances vreviously quantified in submarine atmospheres. HMNone of Lhesce
eXcecded concentrations of 14 ppb (table 7). Very fo¢w compoun-is
crossmatched witn organic vapors 1dentificd in the space shuttle cabin
(table 6). The space cabin contained concentrations of contaminuants at

least 1 order of magnitude higher than in the moored submarine. The

total concentration of CV—Cll alkanes in the submarine, 348 ppb, was
lower than the total concentration of Cg'Cg aliphatic hyarocarbons in the

space cabin (tables 5,0). “he space cabin contamilnants were lower in

molecular weight than the submarilne contaminants.

One of the collector blanks (figure 1) was exposed to intgrnal
standards (perfluorobenzene, 3 ppb, and perfluorotoluene, 3 ppb). Notice
that the chromatogram of the collector blank was much less complex than
that of the eéxplred breatn samples. The peaxks of the 1nterna) stuandards
d1d not excaed 500,900 counts, while the background counts almost always
fell pelow £0,000 counts. The bacrground counts never vxcecdod 060,000 as

the spectrum scan number varied {rom 4 to 1,3d0u,
DISCUSSTON

ATR QUALITY. lhe samples of cxpired breath contained VOZ's derived
from cendogenous metrabolites,; tobacco smoke, and aumospheric contaminants,
Althougn the invastiligacors Jdia not witness the colloections of coxpired
breatn, it 1s reasonable to presume that the subjects avoided smoking
while performing the mansuvirs of sample collection. 1f some subjccts
smoxed at the time of sample collection, tney could not have provided
samples with comparable reconstructed 1on chromatogranms, In comparing
the upper and lower pancels of figure 2, the smoker-patient provided a
sample of VOC's whicn wes mucn less complex than provided py the
smoker-crowmember.  bven if the middlo and lowoer pancls of figure 2 werce
supcr biaposed, they would collectively contaln lower concuentrations of

fower VCC's than in the crewncember's explred breath.

The reconstructed ion chromatoyrams woerc revicwed by Dr. Jeff Wyatt

20
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of the Naval Research Laboratory, who observed a resemblance to

GZ-chromatograms  from submarine atmosvheres containing  high
concuntrations ot ClU hydrocarbons, The consultunt expressced concern

_ that apparcent overloading of the GC column by benzene may indicate oun

unusual source of benzene in the submarince. Subscauent computer analysis

showod benzene to be at a concentration exceeding 80 ppb, wiich may have
been present in the lung as a residual product of cigarctte smoking,

Later discussions with the Electric Boat Company's atmospherc-control

englinecrs suggosted that high concentrations of Clo hycrocarbons werc

Iikely to cvolve from machinery lubricants.

Crossmatching data f{rom the USS Gato with prcecvious analyses of

submarine atmospheres showed the prescence of fuels, solvents, and paints

in very low concentrations (table 7). None of the VOCT's exceeded the

==90~day limits of exposure in nuclear submarines (7). Hor did the total
concentration of VOC's (ca. 3 mg/m3) exceed the Yu-day limit {or total

hydrocarbons (70 mg/mj). Trace quantities of monoc¢thanolamines would be

vxpocted during patrol as a by-product of scrubbing carbon dioxide. In

port, shut-dowa of Lo cuz scrubber would explain the apparent apsence oOf

monoc thunolamines from the submarine atmosphere,

winile samples of 1ndoor wir typlcally contein 100-150 organic

conpounas, the samples from UGS Gato ceontained a more conplex mixture

wilith hnigner concentrations of substances. A comparison of the

submoringe's atmosphere with thav in "tigiit buildings" (table 5) indicatea
a 7-10ld greatcry concentration of :7"311 alkanes 1n the submarine. Tne
spectrun of VGI2's in

the meored submarine was remarkably different [ron

thet 10 the s.0ce shuttle cabin (11), Fewer orgunic contaminants (n =

152) were identified in the shuttle cabin than 1n the submarine (n =

4bo). Until there ure measurements of totul hydrocarbons, we can only

sprruldte thet the guantity of VOCZ's 1n the moored submarine is higher

v

thin in tlgnt bulldings and lower than in space venicles,

Biological ceffects bave not been obscerved from oxposure to alipnatic

alet alicyclic aydrocarbons in concentrations below 500 ppm, Aldehydes

are strong irritants of the skin, airways, and skin. The tnreshold for

ltritetion may Lo as low as 0.0l ppm. Aromatic hydrocarbons arc known to

be biologically active 1n concentrations above 25

ppmooand  there 1§
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concarn for possible mutagenic oflects (9. Jur measurments indicated
that the concentrations of VOC's aboard USS Gato were below threshold

levels for bioleogical effects.

CRITIQUE OF THE ASSAY. A Jdistinct adventage of the GC/MS/COME assay
“over CC assays is its capability to rapidly quantify a-large number of
VOC's mixed 1n low concentrations (ppb). The technical advantages of
Tenax CC {R}, high aifinity for organic molecules and porosity for water
vapor, allow f{or concentration of the VOC's into a sample suituble for
analysis (l7,2). Furthermore, VOC's are stable on Tenax GC {R} for 4

weeks when protected from lignt in sealed containers at 4°c (L14).

Limitations of gas chromatoyraphy/mass spectrometry and sampling

v, ey

procedures preclude the CC/MS/COMP assay from detecting all classes of

VOC's in 1 sample¢. Inoryganic compounds are nol measured because of the

characteristics of the sorbent material and the GC column. Pollutant . .
‘oxidants (ozone, 2-5 ppm NOX, and >25 ppb molecular halogens) may rcact
with VOC's (5,14,17). Highly polar VvOC's, such as organic ucids, nmay
escaps collecticn by passing through the sorbent polymer (17). Highly
volatile organics, such as methane and freon, may also escape collection
vhen carried through Tenax GC {R} in large volumes of polluted gas. This
volume-related loss c¢f analyte, callzd "breakthrough", 18 a4 procedural
problem related to sumpling strategy (5,14). The absence of methanco,
freons, monocthuanolaailnes, and otacr low molecular welght substances from
the gas saaploes 10 thig study aay be explained Ly "bre kthrough',
Furtnormors, comvouvnds woere exclulded from identifilcation because thelr
spectral poaks Lo 29,000 counts (figures 1,2). Limitation of the
COMPGT/RL tuchinlyue can pe overceme by modifying the sampling stratogy
or using susplercentery assay techniqgues. owne usoful adjuncu voulid be

convurr-nt measurens nt of total ayidrocarvons content.

FUTURE APPLLICATIUNG, Recognition must be given to tihe possibilivy
of o gricunl chang.: in speoctrum of atmospneric VoU's with moditication of
the engincerlng plants aboard submarincs. In the future, this can best
be detornined by; (e.) crossmatciing current data with a coaploete
data-hase of VOU's proeviously wcasarcd in submarines, ana (b.)

conducting periodlce assays of the caplroed broatihy 1n crewmemboers.

Tne sensitivity of tne GO/MS/J0NMP will permit estimation of the body
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burden by measurcacnt of VOC's in the oxpired breath, This information

|‘.-l

will bo useful in evaluating the 90-day Jimits of exposure to atmospheric

P d

i
o

hydrocarbons. ©Of additional intcrest is the possible application of

CC/MS/COHP to evaluating the <¢ffects of snorxkeling on the submarine

o

atmosphere und crewmenbers. It is important to know whether snorkeling iw

pollutes c¢r purifies the submarine atmosphere, D
! r .
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PROTOCOL FOR TRIAL MEASUREMENTS OF ATMOSPHERIC HYDK)CARBONS ABOARD USS

""BILLFISH, S5 APRIL 1984,

TEST

Board ship at moor.

3¢t up for particulate samples, ambient air samples, and

duplicate samples.

Begin ¢g=-hr particulate samples at sites A-D.
A  engine room
B torpedo room

control, or crew's berthing

D galley, or crew's mess

Thirty-minute coliections of ambient air samples at sites A-C.
(desire shut down of the ventilation in order to
improve chances tor identifying contaminants
originating from the ship's interior.)

Tnirty-minute collections of duplicate samples at sites A and

D,

et up the expired breath samples apparatus at sites A and D.

Collect expired breath from 2 crewmembers on site nhneur site D,

Colloect ambicnt alr samples at site D,
Dismantle the expired breath samples apparatus.

Duriny cooxking of breakfast, collect ambient air samples and
duplicate samples at site D.

S5top particulate samples at sites A-D,

Depart cnip.
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~7assisted gas chromatography mass spectrometry (GC/MS/COMP) to measuring

of volatile organic compounds (VOC's) absorbed by submarine crewmembers.
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existed in a concentration > 80 ppb. Since all crewmembers were smokers,

one possible source of benzene was residual organic vapors in the lung.

hThirteen of the 17 highest concentrations of VOC's were acyclic, C7-Cyy alkanes.
Assuming that most of the expired VOC's were derived from the submarine, the
hydrocarbon composition of the atmosphere was more concentrated and complex
than in residential dwellings, This indicates that crewmembers absorb atmospheric
VOC's during patrol and desorb the contaminants at home.4 Future work should
attempt to: (a) measure desorption of VOC's from the body after patrol, and

(b) evaluate the VOC's likely to overload the sample collectbr during 20-liter
collections of the subinarine atmosphere. The desorption of trace contaminants
from the body will indicate a body burden of organic substapices- > Estimations
of body burdens can provide the Navy with an additional guideline for

prioritizing gaseous contaminants and judging the euality of pir in submarine
atmospheres. < Selective use of the GC/MS/COMP technigue may also prove
useful for evaluating operational problems, such as the minjmum recuired
freruency of snorkeling.
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